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Introduction 

In  the early stages of the determinat ion of a crystal  
s tructure a two-dimensional  IFI 2 synthesis (Patterson, 
1935) may  give valuable information. The same informa- 
tion can often be obtained,  however, in a simpler, more 
rapid and less laborious manner  by direct in terpreta t ion 
of a weighted reciprocal-lattice section, in terms of 
Fourier- t ransform principles (Taylor, 1952; Hanson,  Lip- 
son & Taylor, 1953). Extension of the IFI2-synthesis 
technique to three dimensions increases its usefulness 
very considerably (Shoemaker, Donohue,  Schomaker & 
Corey, 1950; Rober tson & Beevers, 1951), and it there- 
fore seems likely tha t  direct interpretat ion of the weighted 
reciprocal lattice in three dimensions will be correspond- 
ingly more informative than  in two. In  order to explore 
this possibility, a representat ion of the  full, three- 
dimensional  weighted reciprocal lattice of  naphtha lene  
has been prepared from the data  of Abrahams, Rober tson 
& Whi te  (1949). 

Preparation of the mode l  

The model  (Fig. 1) consists of thir teen glints plates, each 
representing a section of the  reciprocal latt ice of constant  

Fig. 1. Photograph of the model taken in a direction along 
one set of cylinders, that is, normal to the plane of one 
molecule. 

k value (k ranges from 6 to 6). Photographic plates which 
had  been fixed and washed were used and spots re- 
presenting uni ta ry  F-values were drawn in indian ink 
on the  clear emulsion. As recommended for two-dimen- 
sional sections (Hanson et al., 1953), a scale of 5 cm. 
1 /~-1 was used and the  F ' s  are represented by spots of 
only five different sizes. The plates are mounted  in a 

frame which holds t hem parallel to each other wi th  a 
perpendicular  separation corresponding to b*. 

Disturbing mult iple  reflexions occur from the glass 
plates, and to el iminate these it has been found convenient  
to view and photograph the model through a sui tably 
oriented polaroid filter. 

Interpretation 

The weighted reciprocal latt ice may  be regarded as a set 
of samples, at  the reciprocal-lattice points, of the three- 
dimensional  t ransform of the contents  of one complete  
uni t  cell of the structure. The space group for the naph-  
thalene structure is P21/a, and there are two molecules 
in the  uni t  cell ; the total  t ransform will thus  be the vector  
sum of the  t ransforms of the  two molecules. The mole- 
cules are planar  and, if we consider them to be composed 
of point  atoms, there  will be no variat ion in the t ransform 
along a direction perpendicular  to the  plane;  the  three- 
dimensional t ransform of one molecule is thus  the  figure 
swept out  when the plane t ransform is t ransla ted in the  
direction of its normal.  The plane t ransform of an 
idealized naphtha lene  molecule (Knott ,  1940) is shown 
in Fig. 2, and  it can be seen from this tha t  the  principal 

Fig. 2. Plane transform of idealized naphthalene molecule 
(after Knott, 1940). 

feature of the three-dimensional  t ransform is a set of six 
cylinders, of roughly elliptical cross-section, arranged 
hexagonally around a similar cylinder passing through 
the origin. In  the t ransform of the complete uni t  cell, 
therefore, two sets of cylinders should exist with  their  
axes equally and oppositely inclined to b*. 

The densi ty of the  reciprocal-lattice points is suffi- 
ciently high for the form of the cylinders to be seen in the  
actual model. In  Fig. l, which is a photograph taken  
along the  direction of one set of cylinders, the  dense 
pacldng of spots along them can clearly be seen; the  
angles Ziv and ~0~ which this direction makes  wi th  the 
axes a and b can be de te rmined  with a consistency of 
about  2 ° . The results obtained,  together  with those of 
Abrahams et al. (1949), are: 

Z~ (°) ~ (o) 

Abrahams et al. 32.8 116.3 
From model 31 116 
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Conclusions 

I t  has  a l ready been found in two dimensions tha t ,  for 
s t ructures  wi th  large un i t  cells, difficulties arising from 
the increased complexi ty  of the molecule are to some 
exten t  offset b y  the increase in the number  of points  
a t  which the  t ransform is sampled, and  i t  seems probable  
t ha t  the  same consideration will apply  in three dimen- 
sions. The ease wi th  which the two separate sets of 
cohunns can be identified in the present  model suggests 
the possibi l i ty  of detect ing the existence of p lanar  
port ions of more complicated molecules, and  of specifying 
their  orientation.  Similarly, i t  m a y  be possible to detect  
the  presence of long chains and  to determine their  direc- 
tions, as they  give rise to f lat  discs in reciprocal space. 

Since only approximate  in tens i ty  da ta  are required and  
the labour of preparing a model of the type  described is 

not  very  great,  the  technique might  prove to be a useful 
pre l iminary  to a full three-dimensional  s t ructure  deter- 
ruination. 

References 

ABRAHAMS, S.C., ROBERTSOI~I, J.M. & WHITE J.G. 
(1949). Acta Cryst. 2 233. 

HA~SO~, A . W . ,  L:Pso~,  H.  & TAYLOR, C.A.  (1953). 
Prec. Roy. Soc. A, 218, 371. 

KNoz-r, G. (1940). Prec. Phys. Soc., JLond. 52, 229. 
PATTERSOn, A . L .  (1935). Z. Krystallogr. 90, 517. 
ROBERTSOI~, J .  H.  & BEEVERS, C .A.  (1951). Acta Cryst. 

4, 270. 
SHOEI~AKER, D.P. ,  DONOHUE, J., SCHONIAKER, V. & 

COREY, R . B .  (1950). J. Amer. Chem. Soc. 72, 2328. 
TAYLOR, C .A.  (1952). Nature, Lend. 169, 1086. 

Acta Cryst. (1953). 6, 746 

B o n d i n g  in  b e n z e n e  i o d o d i c h l o r i d e  a n d  r e l a t e d  m o l e c u l e s .  B y  JAYLES D. MCCULLOUGH, Department 
of Chemistry, University of California at Los Angeles, Los Angeles 24, California, U . S . A .  

(Received 18 May 1953) 

I n  the recent  invest igat ion of the s t ruc ture  of benzene 
iododichloride, C~HsIC1 ~, (Archer & van  Schalkwyk,  
1953) the authors  reported wha t  t hey  considered to be 
a ra ther  long I-C1 bond distance.  I f  one draws the analogy 
between this  substance, the  diarylselenium dihalides, and 
related compounds pointed out by  the present  au thor  
(McCullough, 1942), the  long I-C1 distance, the  mole- 
cular s t ructure  and  the chemical properties (dissociation 
into iodobenzene and  chlorine) are all to be expected. 
I t  is reasonable to expect  t h a t  compounds of the general 
type  Ra(P,As,Sb,Bi)X ~, R~(S,Se,Te)X~ and RIX2 should 
have  the s t ructure  of a t r igonal  b ipyramid  wi th  the 
halogen a toms a t  the  apices and  the three equatorial  
positions occupied Joy the R groups and unshared electron 
pairs.  The X - M - X  bond angle should be near ly  l inear 
and the M - X  distance longer t han  the sum of the normal  
single covalent bond radii. The nature  of the bonding 
in the p- tolylselenium dihalides and related molecules 
has been discussed by  McCullough & Marsh (1950). 
Da ta  on compounds of this  general type  which have been 
studied by  X- ray  diffraction methods are given in Table 1. 

Semi-quant i ta t ive  predictions based on the da ta  in the 
table are probably  of li t t le value since selenium is in the 
row above t h a t  occupied by  an t imony  and iodine. D a t a  
on compounds of the type  R~TeX2 now under  investiga- 
t ion in this  labora tory  should be of more use in this  
connection and the t rends in the M - X  distances in 
tr igonal  b ipyramida l  s tructures both  horizontal ly  and  
vert ical ly in the periodic chart  should be of interest .  
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Table 1. M - X  distances in some organometallic dihalide molecules having the trigonal bipyramid structure 

Compound 

(CHa)aSbCl~ 
(CHs)aSbBr2 
(CaHs)2SeCI~ 
(CeHs)2SeBr~ 
(p-Tolyl)2SeCI 2 
(p-Tolyl)sSeBr 2 

Reference 

Wells (1938) 
Wblls (1938) 
McCullough & I-Iamburger (1942) 
McCullough & Hamburger (1941) 
McCullough & Marsh (1950) 
McCullough & Marsh (1950) 
Archer & van Schalkwyk (1953) 

Observed Sum of single 
M - X  covalent bond 

distance radii Difference 
(A) (A) (h) 

2.49 2-40 0.09 
2.63 2.55 0.08 
2.30* 2.16 0.14, 
2.52 2.31 0.21 
2.38 2.16 0.22 
2,55 2-31 0.24 
2.45 2.32 0.13 

per unit cell as compared to * Subject to greater error than that  in the p-tolyl compound owing to there being 8 molecules 
2 in p-tolylselenium dichloride. 


